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1 ,ast year,  1 haci rc.porlui a novel pknmcnw of vc)ltagc-il~(lllcc(l  ~~l~r-s~l~cliv~

?749), \\ ’lICII a while light is incidmt  on aabso I ptio I) lvitl]  surface plasmons (Appl.  ]’hys, 1.ctt, 67, . .

n)ctal/l;O  matm ial inlmfacc, in cmtain condition, sur~icc plasmoII  waves can be cxcitccl;  t}msc

photons in surface plasmon rcsonancc  wavclcng,th raII:’,c  would bc totally absorbd  and these

photons out of IIN2 surfacx plasm on ]resonancc  wavdcngth  range would  k almost totally rdlcctd.

‘1’l)is surface plasmon  rcsonancx  depmds  on the cliclcclric  cwnstants of both the metal and the 1~0

matmial.  If a volta:,c  is added on the 110 material to chanp,c its diclcctr’ic constant, the surface

plasmon I csonancc  spccll unl can be shiflcd fbm onc ]vavclcngtl]  to the othcl-j an(i this is a tunable

notch filtct, If cml])ld  sut-face plasmon  wavm a]c NSCYI, a l~lnable  bandpass  filtcu  can h buih.

A l>(ot()t)~)cI] lo(lcl) astjcclll) ~lilt\l  sillg,li  (]l]i(lcl )'st211ast  llcl:() lllate[-ial.lIx  })crilllcIlt

rml]t, \vhicl)  has cxcdlent agrccmcnt vviththcory,  has shownt hat tlwwavclcn:!th  tunable iangc

caI~ COVCI almost all of the visible (from 4 SO nm to 650 nm) when 30-V voltage is applicxl.

‘1’]] rotctical calculation l)as shc)wn that this tunable filtcl- can also wol-k in 11{ ranp,c  up to at Icast

10 ]11]).

KcyIvoI ds: SLIIfacc plasmons,  tunab]c filter, dcctro -optics, tl)il)  film, ima:,c spectrometer



An ima~c spcctI-omctcI  acquires images ofthc same scxme simultanc.ously in many
conti:’,uous  spxtral  bands cwcr a Sivcn spcdlal  rans,c. l~y actdin~  wavclcnp,th to the ima:,c as a
t bird dilmmion, the specll-um of any pixd in the sccnc can bc calculated, ‘1’hcsc  images can bc
tIsvd to obtain the rctlcctal]c.c spcctI um for each imay,v  pixel, lvhich  can be used to identify
cx)mp[)nct]ls in the ta[-get.

‘J’IIc most common  mcthocl  of cloing  image spectroscopy is by changing fixed ctichroic
filtm, the system is heavy ad the spccci  is slow. SCVCI al tunable filtm have been proposal, but
thy all have sever problems, fbr example, the acousto-optic tunable filter is power hunp,ry (in
kilowatts), the liquid crystal tunable filter is slow and Ilas low cfllcicncy,  the Fabry-Perot tunable
filtm has a very narlclw tunable range.  Now a new tcdlnology of surface plasmon  tutiable  cc)lor
filt cr has km invent ccl at J 1’1,, surface plasm on tunable filter is a light weight, low power, high
dllcicncy  device, it can bc intcp,ratd  with a solid state scIlsoI  fot m an imaging spcctrmnctw on a
chip.

‘!’IIc surface plasmon  (S1’) has been studied since the 1960’s. II can be described as a
collect ivc oscillation in clc.ctron  clcnsity at the intcrfacc of a metal and a dielectric.l. At S1’
I-CSOIla  IKC, the I cflcctcct  ]ight vanishes. ‘1’his l-csonancc  is rcfcl-rc(i  to as attenuated total xcflcc.tion,
and is dcpcmcicIIl upon the diclcctlic  cmllstants  c~fbotll  the metal ad the cliclcctl-ic.  lfan clcctro-
op!ical (110) n]aterial is used as the diclcctlic  and a voltap,c is applid  to chanp,e the S1) resonance
col]diiionj the Icflcc,tcd  Ii{jlt  can bc ~nodulatcd2’3.  A S1’ spatial laser li~,ht  modulator with a
c.ontlast ratio gICateI- thalk 100 has bccm I-cpol  lcd4.

lt’lvc consider the S1’ light Inod(llatol in f’Ie(]LIcI)cy space, the pl)otons at the S1’
rcsouancc  frequmcy )vill tx absorbed by the fI cc elect I ons in the metal, and the photons away
fI 0111 the S1) 

I cmna;~ce will be totally Icflcctcd, If a ~ultap,c is applied tc) the 1:0 mate.rial, the
IcsoIMncc f[ cqucncy will c,hang,c,  and a tunable
filtcl is folmcd,

‘1’hc S1’ tul~able  notch filtc15  was invented P(, WI,/
in 1992,  and a prototype modd  was built in 1993. ,//

‘1’hc cxpcrimcmtal IXIII  ~vas published in 1995 as h{~,~]  f,)”,

a new physical phcI)oI])cmoIl  of “vc)lta~,c-itl(l~lcc(l \
colol - select ivc absoipt  ion with sul-~dcc
plaslmms”G.

?

‘w Zz??%zz  [&z+.<mL@%@Y/(&

~

,: :,:,  . .:.:.:..,,, ::.. : ::,:;::.;..  , :.,..:,,,::.,. :’ ‘..: “:: . .. . . .:, .,?..  . . .. ::,:.::  :5, .:,:,.:.. .,..:  .:> ,,:  . . . . . . . . . . . . . . . . . .
‘1’hc cxpm imc.nt  arranf~,cme.l~t  of the S1’
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tunable notch filter is shown itl l;ip,,  1. llcrc  a 50 \

nm silvcv layer lvas used as the metal film and a 4 \
liquid C, fslal

)( thick liqui(i  cl-ystal  layer was usd as the l;{O suwdle

matmial,  Whew p-polal  izc(i white li:,ht is incjidcnt
-(

.-  r~
on the metal/liquid crystal intet Pdcx thlou:,h the
couplil)g, p]ism, Sl) ~vavcs  can be cxcitd.  ‘J’hc
pl)otons  in lhc S1) rcsonancc  raIl:,c will bc taken f K! 1 [ x[mrirnerlt  arrar)gr[wnt  of surface  plasfrion  tmahk,

notch falter.
out  c)fthc reflection spectrum, WIKI) a voltag,e  is



liquid crystal will changq  (he S1’ resonance
\;’ill  cllall:,c,  and tllCCCll{)I”  OftllCI’CflCCtC(l
li[~,llt}i’illcllall~~c,  ‘I’llccxl}(:]i]  ]lclltal]cslllt  is
SIIOWII in l;i:,.  ?.. IIcrc the dots al-c the
cxpclimcnl  da[a and the solid cunmarcthc
Ihcol-ctical  calculations, WhcII a white light
was illcidcnt  on this sample at zero voltage.,
the S1’ resonance was at @10 nm, the Id
color was abschcd  and the reflcctcd lig,ht
Iookcd cyan. WlmIl  a 1 O-V voltage  was
applied, the resonance shif[cd to 560 nm,
(J ICCII COIOI Ivas absorbed, ad the ICfl CC!C({<>

li::hl  lookd ma:cnta.  Whm lhc voltage was
increased 10 30-v, the S]) resonance shifid  to
150 t~m, blue color \vas absorbed at]d the
I cllccted  li~,ht looked  yellow, ‘l”hc mpcl-imcnt
ha(i show]l  Vcl-y good  agreement with the
thcol”y
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In 1996, the S1) tunab]c  bandpass  filter
usin:], coupled S1’ waves ~vas invented at J]’]?. ‘1’hc
Struct[l[c  ofthis  S1’ tullablc bandpass  filter is sllowIl
in IJig. 3. A symmct iic gcomct 1 y of metal/J Klhneta,]
is cnll~loyccl,  “1’\vo hip,h index  ?,lass  prisllls arc used
for Ihc coupling, A thin metal film is cvapc)ratd  m
each prism respcxtivdy.  A thin 11X3 JnateIial layer is
sal]dwiched  by the tivo prisms. ‘1’hc 1;0 layer is less
than olIc wavelength thick.  Where a S1’ wave is
excited 011 onc side of metal/};

40 JnatcJial  iJltClraCC.
by the itlcidcnt  photons, the cncrp,y of rcsonancc
@)tollS \Vi]l  tJC COJIVCl  [Cd illtO  thC JIK)tioJl Of ti’CC
clcctlons  ofthc  metal filJn, Ihc optical field will
penctl atc the thin 1;() laym and cxcitc another S]’

lval~c  m’ith the salllc frequency at the olher  1 ;()/Jnct al illtc]-ftdcc  bcc.ausc oft hc symmetric SII Lld LIJ c.
‘1’he t-csonancc  photons will thcI~  bc Ic-]adiatcd  out as the transmittal light, WhcII a vo]tagc  is
added on the l;O mtcrial, the index of the 1{() m.alcrial will chan:,c, the S1’ Jcsonancc  f[ cqucncy
will cllan~~c,  aJd the tr8nsmissioJ] spcclrum  will chan:),c.  l~ig. 4 shoivs the theoretical calculation of
t ]ammission sped rum for two silver film sc.pat-ated  by a 150 nm 1 {() matmial  layer. Without
volta Pe, the index cllan~]c  d[] is zero, and Ihc peak ti ansluission is at 450 nm. Whm lhc voltasc:,
induAl  iwlcx chan:,c of the 1{0 layci has a inc[ case of dIl: 0,2, the transmissiol~  peak shifts to 530
Jim, }l~hcn lhc index change dJI’ (),5, the peak translllissioJl shifts 10 6S0 nm.

‘1’hc intensity ofpcak  tJtiJlsmission  dcpcJds 011 Ihc oplical ptopclties and the thickmss  of



.

the mclal.  h4ctals with small ima~jit~ary  pal-t of
the dielectric constant will have higkr peak
Iranslnission  and narmwcr  bandwidth. (h] the
other hand,  a thinncl  metal  layw will give
urcatcf pcali transmission] and bma(tcl-C,
baldwid[h,

“1’hc opcl ation spectrum 1 all~,c is also
dcpds c)n the optical propmty of the Imtal
film, silver seems a god choice in visihtc,
\vhilc p,olcl, potassium and lithium may be
~lllKtiOll  wdl in tk 1 f< ran~e.  ‘1’hcorctical
calculation sho~vs that surface plasmon  tunable
can \voI k in the 11< I-ans,c to Icast 8 micron,

IIccausc.  sul-face plasmon tunable filtm
is a w>lta:,c dcvicc,  it needs a little power to
opcl  il(C, and if t \vo micfro-p[ism arrays alc usd

403 433 5@J 5=0  w em ?&
w. .,etidh  (w,,)

l;ig, 4 When the 1~0 material has  an irdcx CIIWC$ of
O 5, the tlarlsn,issiol]  shif~s flom  4S0 am to 6S0 m,).

to replace tl)e t\vo prisms, it will bc a li:,ht weight device (hII-ICIltly,  atl cfl’or-t of’combinin~,
SUI kcc plasl]~on  tulmblc filter and active pixel scnsoI to fom an imaging sped] onlctcr  cm a chip is
ulldcnvay.
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